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(57)Abstract: t ™ " | 

PURPOSE: To form a compound semiconductor layer ^M$* vfc ^^^t^tm 

having excellent flatness and crystallinity on a base body * 

without damaging inter-lattice matching to the base 

body by forming a plurality of layers of buffer layers - :: aVh • ^:s;/<»77JB 

between the base body and the compound ^(ey % \S 

semiconductor layer the composition of which is ^zv-y.r^rm 

expressed by In1-x-yGaxAlyN (0<x<1, 0<x+y<1). & 

CONSTITUTION: Two buffer layers 1 1 , 1 2 are formed __ 

between a sapphire substrate 2 and a gallium nitride film / ° ° K ' 7 pjS 

13, and lattic constants are changed approximately |£fg p ~ ~ |fe " ? ' A "' 

continuously, thus growing the gallium nitride film 13 jji ^.k^^k 

having a crystallinity better than the gallium nitride film i ff ; ;f^'^"^ :::x>:P - 

is formed directly on the sapphire substrate 2. Even - 

when the lattice constants differ in some degree, the if , . $ 

difference of the lattice constants is relaxed by an AIN * 

layer forming the buffer layer 1 1 of a first layer, and the ^ , / G Anj N 

effect is weak. Even when the film thickness of the AIN ^ |P : ~~ i(; 

layer forming the buffer layer 1 1 of the first layer is to ^Vsj 

some extent varied, a GaAIN film as the buffer layer 12 — 

of a second layer is formed on the buffer layer 1 1 of the first layer, and possibility that 

crystallinity is affected by the fluctuation of film thickness is diminished. 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Compound semiconductor equipment characterized by having the buffer layer of two or 
more layers between the above-mentioned base and the above-mentioned compound 
semiconductor layer in the compound semiconductor equipment which has the compound 
semiconductor layer as which a general formula is expressed in ln1-x-y Gax Aly N (0<=x<=1 t 0 
<=x+y<=1) on a base. 

[Claim 2] Compound semiconductor equipment characterized by having the buffer layer of two or 
more layers between the nitrated cases and the above-mentioned compound semiconductor 
layers by which the general formula was formed on the above-mentioned base front face in the 
compound semiconductor equipment which has the compound semiconductor layer expressed 
with In1-x-y Gax Aly N (0<=x<=1, 0 <=x+y<=1) on the base. 

[Claim 3] It is compound semiconductor equipment according to claim 1 or 2 characterized by 
for two or more above-mentioned buffer layers being two-layer, and for the buffer layer by the 
side of a lower layer becoming in the semi-conductor layer as which a general formula is 
expressed in AIN, and the buffer layer by the side of the upper layer becoming in the semi- 
conductor layer as which a general formula is expressed in Gax aluminum1-x N. 
[Claim 4] The above-mentioned base is claim 1 characterized by becoming by silicon on 
sapphire, and compound semiconductor equipment according to claim 2 or 3. 

[Claim 5] The compound semiconductor equipment formation approach characterized by forming 
the above-mentioned compound semiconductor layer in the formation approach of compound 
semiconductor equipment of having the compound semiconductor layer as which a general 
formula is expressed in_In1-x-y Gax Aly N (0<=x<=1, 0 <=x+y<=1) on a base after forming the 
buffer layer of two or more layers in the above-mentioned base front face. ............ 

[Claim 6] The compound semiconductor equipment formation approach according to claim 5 
characterized by nitriding the above-mentioned base front face beforehand, and forming a 
nitrated case before forming the 1st buffer layer of the above in the above-mentioned base front 
face. 

[Claim 7] The above-mentioned nitrated case is the compound semiconductor equipment 
formation approach according to claim 6 characterized by being formed by heat-treating the 
above-mentioned base in the ambient atmosphere containing nitrogen gas. 



[Translation done.] 
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* NOTICES * 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This invention is explained in order of the following. 

Technical-problem The means for solving a technical problem which technical invention of the 
Field of the Invention former tends to solve ( drawing 2 ) 
Operation example ( drawing 1 and drawing 2 ) 

(1) The 1st example ( drawing 1 and drawing 2 ) 

(2) The 2nd example [ 4th ] of the 3rd example (4) of an example (3) ( drawing 3 ) 
(5) Other example effects of the invention [0002] 

[Industrial Application] This invention is applied to the compound semiconductor equipment 
which has a gallium nitrogen system compound semiconductor layer on silicon on sapphire, and 
its formation approach, concerning compound semiconductor equipment and its formation 
approach, and is suitable. 
[0003] 

[Description of the Prior Art] Development of the blue luminescence device (for example, blue 
luminescence device using Gax aluminum1-x N (however, 1<=X<=0)) using a gallium nitrogen 
system semi-conductor is prosperous today. Since the bulk crystal in a large area cannot grow, 
this kind of III group nitride semi-conductor is organometallic compound vapor growth (many 
followings MOCVD (metal organic chemical vapor deposition it is called law) are used.) on silicon 
on sapphire conventionally. 

[0004] This approach introduces reactant gas (organometallic compound gas) into the front face 
of the substrate, (for example, silicon on sapphire) laid. in . the reaction container.when stating . 
briefly, arid is abbreviation. It is the approach of carrying but epitaxial growth of the crystal of a 
compound semiconductor on the substrate heated by 900-1000 [**]. For example, when carrying 
out epitaxial growth of the crystal of gallium nitrogen on a substrate, it is reactant gas. The 
trimethylgallium of III group gas and the ammonia gas of V group gas are used. 
[0005] By the way, silicon on sapphire and this kind Generally there is a coefficient-of-thermal- 
expansion difference of 11-23 [the grid mismatching of %] and -2x10~6[deg-1] between HI group 
nitride semi-conductors. For this reason, that it is easy to produce a mismatching rearrangement 
and a thermal strain, when raising the crystallinity of an HI group nitride semi-conductor, and an 
electric optical property, they are a failure and intermediary ****. 

[0006] Moreover, silicon on sapphire and these Since the difference in chemical property is 
between III group nitrides, if epitaxial growth of these compound semiconductors is directly 
carried out on a substrate, it will be easy to wake up the remarkable Motonari Mitsugi chief. For 
this reason, the problem that it is difficult to carry out flattening of the front face of a growth 
phase, and to raise crystallinity is ******. The problem that the luminous efficiency and the 
component life of a light emitting device which were grown up on silicon on sapphire are bad is 
****** these results. 

[0007] In order to solve this technical problem, they are JP,2~229476,A and publication number. 
In 5 No. -41541 official report and reference (Appl.Phys.Lett.48, p.353, (1986)) Growing up point 
****** to be the crystal growth of an III group compound semiconductor, and growing up 
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aluminum nitrogen (it being described as Following AIN) as a buffer layer on silicon on sapphire is 
indicated. Membrane formation conditions at this time It is under the temperature condition of 
400-900 [**], and a buffer layer grows up to be the thickness of 10-50 [nm]. Moreover, using 
Gax aluminum1-x N (it being hereafter described as GaAIN) as a buffer layer as well as JP,4- 
297023 t A is indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the luminescence device therefore formed 
in these Prior arts does not yet have enough crystallinity, and the further crystalline 
improvement is desired. For example, ****** is ****** when as it is difficult to form a buffer 
layer in homogeneity all over a substrate top since thickness is quite thin when using AIN as a 
buffer layer. Moreover, the melting point of AIN which forms a buffer layer compared with 1 100 
[**] which is the melting point of gallium nitrogen (it is described as Following GaN) is as high as 
1700 [**]. For this reason, it is not enough, the crystallinity of GaN grown up on it is inadequate 
similarly, and the crystal growth of a buffer layer in order to carry out crystal growth of the GaN, 
while raising temperature is ******. 

[0009] On the other hand, the problem that crystalline good GaN is not obtained if a 
comparatively thick buffer layer is not formed since the lattice constant of silicon on sapphire 
and the lattice constant of GaAIN used as a substrate substrate differ from each other 
somewhat when using GaAIN as a buffer layer is ******. The problem that process time amount 
becomes long in order to form a buffer layer thickly moreover is ******. 

[0010] This invention was made in consideration of the above point, and tends to propose the 
compound semiconductor equipment which can raise much more the surface smoothness of a 
compound semiconductor and the crystallinity which are formed on a buffer layer as compared 
with the former, and this formation approach. 
[0011] 

[Means for Solving the Problem] In order to solve this technical problem, it is made to have the 
buffer layer (11) of two or more layers, and (12) between a base (2) and a compound 
semiconductor layer (13) in this invention in the compound semiconductor equipment which has 
the compound semiconductor layer (13) as which a general formula is expressed in In1-x-y Gax 
Aly N (0<=x<=1, 0 <=x+y<=1) on a base (2). 

[0012] Moreover, it sets to the compound semiconductor equipment which has the compound 
semiconductor layer (13) as which a general formula is expressed in In1-x-y Gax Aly N (0<=x<=1, 
0 <=x+y<=1) on a base (2) in this invention. It is made to have the buffer layer (11) of two or 
more layers, and (12) between the nitrated cases (1 5) and compound semiconductor layers (13) 
which iwer£ formed in"the base front face. ............ . ... 

[0013] In the formation approach of compound semiconductor equipment of having the 
compound semiconductor layer (13) as which a general formula is expressed in In1-x-y Gax Aly 
N (0<=x<=1, 0 <=x+y<=1) on a base (2), after forming the buffer layer (11) of two or more layers, 
and (12) in a base front face, a compound semiconductor layer (13) is formed. 
[0014] 

[Function] A compound semiconductor layer (13) can be formed by preparing the buffer layer 
(11) of two or more layers, and (12) between the compound semiconductor layers (13) as which 
a base (2) and a general formula are expressed in In1-x-y Gax Aly N (0<=x<=1, 0 <=x+y<=1), 
without spoiling the adjustment between grids over a base (2). The compound semiconductor 
layer (13) which was excellent in surface smoothness and crystallinity by this can be formed on 
a base (12). 

[0015] Moreover, after forming a nitrated case (15) in a base front face, by having formed the 
buffer layer (1 1) of the 1st layer, the surface smoothness of the buffer layer (1 1) of the 1st layer 
and crystallinity can be raised much more. Surface smoothness and crystallinity can improve 
also about the buffer layer of a two-layer eye by this, and surface smoothness and crystallinity 
can be raised much more also about the compound semiconductor layer (13) as which the 
general formula formed in the maximum upper layer is expressed in In1~x-y Gax Aly N (0<=x<=1, 
0 <= x +y<=1). 
[0016] 
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[Example] About a drawing, one example of this invention is explained in full detail below. 
[0017] (1) In the 1st example drawing 1 , 1 shows the reactor used for membrane formation of a 
compound semiconductor as a whole. Therefore, a reactor 1 grows up a compound 
semiconductor into the following procedure on silicon on sapphire 2. The silicon on sapphire 2 
fully washed first is laid on the susceptor 4 in which it was prepared in the reaction chamber 3. 
[0018] Then, the inside of a reaction chamber 3 is exhausted enough, and it is hydrogen gas H2 
about the interior. It permutes. Drawing at the time of this process is drawing 2 (A). Then, a 
substrate 2 is heated on condition that the following, and the oxide film currently formed in the 
substrate front face is removed. This is performed under ordinary pressure and the condition of 
1050[**] by 10[part] Pouring hydrogen gas at a rate of] by 1 [litre/. 

[0019] At this time, hydrogen gas is introduced from gas nozzles 6 and 7. The gas nozzle 6 is 
arranged so that the whole front face of silicon on sapphire 2 may be covered, and it is used for 
introducing gas all over a substrate. Moreover, it is used for a gas nozzle 7 introducing gas into 
the front face of silicon on sapphire 2 from the substrate side. A heater 5 is used in case silicon 
on sapphire 2 is incidentally heated. 

[0020] A vacuum pump 8 is used for exhaust air of a reaction chamber 3. However, while passing 
gas, a vacuum pump 8 is suspended, and reactant gas is exhausted from the branched exhaust 
pipe 9. Moreover, while passing gas, therefore, a motor 10 is made to rotate a susceptor 4. 
Incidentally it is an engine speed. It is referred to as 5-10 [a part for radian/]. These are the 
same also at the time of other processes. 

[0021] After the removal process of this oxide film is completed, installation of gas is suspended 
and it is substrate temperature. It lowers to 500 [**]. Then, hydrogen gas and nitrogen gas are 
supplied by the flow rate of 10 [a part for litre/] from a gas nozzle 6, respectively, and it is each 
about ammonia gas and hydrogen gas from a gas nozzle 7. 4 [a part for litre/] It reaches. It 
supplies by the flow rate of 1 [a part for litre/]. At this time, it is substrate temperature. It 
maintains to 500 [**]. 

[0022] Next, as shown in drawing 2 (B), the aluminum nitrogen (AIN) film used as the buffer layer 
1 1 of the 1st layer is formed on condition that the following on silicon on sapphire 2. The flow 
and pressure requirement and temperature conditions at this time are set as ordinary pressure 
and 500 [**], respectively. Moreover, the hydrogen gas and ammonia gas which are carrier gas 
are each. It flows by 1 [a part for litre/]. Trimethylaluminum gas which is source gas on the other 
hand (henceforth TMA gas) It flows by 3.0x10-7 [a part for mol/]. The reaction time which this 
processing takes is between abbreviation 1[part]. 

[0023] Since "the lattice constant of the buffer layer 11 formed -on -silicon on sapphire~2:here-is ^ 
almost equal to the lattice constant of silicon on sapphire 2 used as a substrate,- the crystalline 
good buffer layer 1 1 will be formed on silicon on sapphire 2. 

[0024] Thus, if the buffer layer 11 of the 1st layer is formed, next, the gallium aluminum nitrogen 
(GaAIN) film which serves as the buffer layer 12 of a two-layer eye as shown in drawing 2 (C) 
will be formed on condition that the following. 

[0025] It is the flow and pressure requirement at this time and temperature condition mist beam 
ordinary pressure, and 500 [**]. Moreover, the hydrogen gas and ammonia gas which are carrier 
gas also in this case are each. It is flowing at a rate of 1 [a part for litre/]. On the other hand, 
TMA gas and trimethylgallium gas (henceforth TMGa gas) are used for process gas, and it is 
each. It flows at a rate of 3.0x10-7 [a part for mol/]. 

[0026] The time amount which this processing incidentally takes is ] by about 3 [. If this 
processing time passes, a reactor 1 suspends only the inflow of TMGa gas, and other gas will pull 
up the temperature of a susceptor 4 to 1050 [**], passing. 

[0027] The lattice constant of the buffer layer 12 of a two-layer eye which grows on the buffer 
layer 1 1 of the 1st layer at this time is almost equal to the lattice constant of the buffer layer 1 1 
of the 1st layer used as a substrate. Thereby, the crystalline good buffer layer 12 can be grown 
up on the buffer layer 12 of the 1st layer. 

[0028] Thus, if the laminating of the two-layer buffer layers 11 and 12 is carried out one by one, 
next, it will move to the formation processing of the gallium nitrogen film (GaN) 13 made into the 
last purpose. Under the present circumstances, a flow and pressure requirement and 
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temperature conditions are set as ordinary pressure and 1050 [**], respectively. Moreover, 
hydrogen gas and ammonia gas are used for carrier gas like the case of front 2 processes, and it 
is each. It flows by 1 [a part for litre/]. Moreover, TMGa gas as source gas It flows by 5.4x10-5 
[a part for mol/]. The reaction time in this case is ] by about 60 [. 

[0029] Hydrogen gas and nitrogen gas are always flowing from the gas nozzle 6 throughout down 
stream processing of these single strings, and he is trying not to be polluted in the inside of a 
reaction chamber therefore incidentally at reactant gas in the case of this example. 
[0030] Thereby in the front face of the buffer layer 12 of a twoHayer eye, it is. The gallium 
nitrogen film 13 of the thickness of 4 [mum] will be formed. The lattice constant of the gallium 
nitrogen film 13 formed in a front face here is almost equal to the lattice constant of the buffer 
layer 12 of a twoHayer eye. Therefore, the crystallinity of the gallium nitrogen film 13 formed on 
it is also good. 

[0031] According to the above process, when the twoHayer buffer layers 1 1 and 12 are formed 
between silicon on sapphire 4 and the gallium nitrogen film and it was made for a lattice constant 
to change almost continuously, the crystalline good gallium nitrogen film can be grown up into 
silicon on sapphire 2 as compared with the case where the gallium nitrogen film is formed soon. 
Moreover, since a lattice constant is eased in the AIN layer in which **** intermediary **** also 
forms the buffer layer 11 of the 1st layer somewhat, there is little effect 

[0032] Even if the thickness of the AIN layer which forms the buffer layer 11 of the 1st more 
layer varies somewhat, since the GaAIN film used as the buffer layer 12 of a twoHayer eye is 
formed on the buffer layer 1 1 of the 1st layer, a possibility that crystallinity may therefore be 
influenced by fluctuation of thickness is also reduced. If a luminescence device is therefore 
formed in the compound semiconductor which has this structure by this, the yield can be raised 
much more. 

[0033] (2) The membrane formation conditions used in the example of the 2nd ******** are the 
same except for the membrane formation conditions of the 2nd buffer layer 12 among the 
membrane formation conditions used in the example of the preceding clause. Namely, reaction 
time Except for being shortened between 1[part], it is the same. Therefore, a flow and pressure 
requirement and temperature conditions are ordinary pressure and 500 [**]. Moreover, the 
carrier gas introduced under this condition, i.e., hydrogen gas, and ammonia gas are also each. It 
flows at a rate of 1 [a part for litre/]. Moreover, the TMA gas and TMGa gas which are process 
gas are also each. It flows at a rate of 3.0x10-7 [a part for mol/]. 

[0034] Thus, although the thickness of the buffer layer 12 of a twoHayer eye becomes thin by 
shortening reactiorrtime-aHittle, since there is a buffer layer 1 1 of the 1 st layerintheHower — 
layer of the buffer layer "12 of a two-layer eye, it is satisfactory tb the membraneous quality of _ 
the gallium nitrogen film 13 which grows on a buffer layer 12 practically. Thus, the crystalline 
good gallium nitrogen film 13 can be formed in a short time. 

[0035] (3) The membrane formation conditions used in the example of the 3rd ******** are the 
same except for the membrane formation conditions of the 2nd buffer layer 1 2 among the 
membrane formation conditions used in the example of the preceding clause. Namely, membrane 
formation temperature Except for raising to 800 [**], it is the same. Therefore, other membrane 
formation conditions are the same. That is, hydrogen gas and ammonia gas are each as carrier 
gas. It flows at a rate of 1 [a part for litre/]. Moreover, TMA gas and TMGa gas are each as 
process gas to coincidence. It flows by 3.0x10-7 [a part for mol/]. And reaction time It is 
between 1[part]. 

[0036] Thus, since the buffer layer 12 of a two-layer eye is therefore comparatively formed in an 
elevated temperature, the crystallinity of the buffer layer 11 of the 1st layer improves in 
between like a formation fault. Thus, crystallinity of improve [ the crystallinity of the buffer layer 
1 1 of the 1st layer ] will improve also about the buffer layer 12 of a twoHayer eye which grows 
up to be the front face, and it can form the good gallium nitrogen film 13 of membraneous quality 
on buffer layers 11 and 12. 

[0037] According to the above process, therefore, the gallium nitride 13 of practically sufficient 
membraneous quality can be obtained comparatively in a short time. Moreover, by making a 
buffer layer two-layer, thickness of a buffer layer can be made thin and the yield of a 
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luminescence device can be raised much more. 

[0038] (4) Although the case where a gallium nitride was formed was stated in the example to 
the 4th example preceding clause after forming two or more buffer layers 1 1 and 12 on silicon on 
sapphire, it is characterized by nitriding a silicon-on-sapphire front face beforehand before 
formation of a buffer layer in the example explained by this term. It explains using drawing 3 
which attaches the same sign and shows this situation to a corresponding point with drawing 2 . 
[0039] That is, it is H2 when removal of an oxide film was completed from the front face of 
silicon on sapphire 2. It replaces with gas and is NH3. Gas is introduced. At this time, it is NH3. 
Gas is . It is introduced about 60 minutes at a rate of 0.5-20 [a part for litter/]. The front face of 
silicon on sapphire 2 is nitrided by this, and as shown in drawing 3 (A), the single crystal AIN 
layer 15 is formed in a surface part. 

[0040] Thus, deposition of a buffer layer 1 1 is started at the same time TMA gas is introduced 
and it begins at the following process, since the front face of silicon on sapphire 2 is nitrided 
beforehand. The surface smoothness of the buffer layer 11 formed in the 1st layer which this 
shows to drawing 3 (B) improves much more, and its crystallinity also improves. The 
membraneous quality of the buffer layer 12 ( drawing 3 (C)) of the two-layer eye similarly formed 
in the upper layer is also stabilized. Consequently, the surface smoothness of the gallium 
nitrogen film (GaN) 13 and the crystallinity which are formed in the maximum upper layer as 
shown in drawing 3 (D) also improve further. 

[0041] According to the above process, the surface smoothness of the gallium nitrogen film 13 
and the crystallinity which are formed in the maximum upper layer can be raised much more by 
nitriding the front face of the silicon on sapphire 2 after oxide-film removal, and having formed 
the two-layer buffer layers 11 and 12 so that a lattice constant might continue mostly in this 
condition. Thereby as compared with the former, a more efficient and long lasting semi- 
conductor light emitting device is realizable. 

[0042] (5) In other examples, in addition above-mentioned examples, although the case where 
the gallium nitrogen film 13 was formed on the 1st layer and the buffer layers 1 1 and 12 of a 
two-layer eye was described, this invention can be widely applied, when not only this but a 
general formula grows up the compound semiconductor layer expressed with In1-x-y Gax Aly N 
(0<= x <=1, 0 <=x+y<=1). 

[0043] Moreover, it sets in the above-mentioned example and is NH3. Although the case where 
the front face of silicon on sapphire 2 was nitrided by heat-treating in the ambient atmosphere 
of gas was described, this invention can be widely applied, when nitriding the front face of silicon 
on sapphire 2 thereforerto"heat-treat"silrcon" on sapphire- 2 in~the ambient atmosphere not only 
containing this but nitrogen gas. ' ~ 1 " * ~ 

[0044] In a further above-mentioned example, although the case where a buffer layer was 
therefore formed in aluminum nitrogen (AIN) and gallium aluminum nitrogen (GaAIN) sequentially 
from a lower layer was described, other film may be used as a buffer layer. At this time, the 
lattice constant of a buffer layer should just use the middle thing of silicon on sapphire 2 and the 
gallium nitrogen film 13. 

[0045] In a further above-mentioned example, although the case where a buffer layer was made 
two-layer was described, this invention may be divided and formed not only in this but in three 
layers or more, in this case, what is necessary is just to make it the lattice constant of the 
buffer layer by which a laminating is carried out to order in the direction of surface change from 
the side near silicon on sapphire 2 at a rate of about 1 law 

[0046] In a further above-mentioned example, although the case where a buffer layer was 
formed on silicon on sapphire 2 was described, this invention may be formed on the substrate of 
not only this but other quality of the materials. What is necessary is just to adjust this invention 
to suitable conditions in a further above-mentioned example, not only according to this but 
according to thickness etc., although membrane formation conditions (a pressure, temperature, 
carrier gas and its inflow rate, process gas and its inflow rate, reaction time, etc.) were specified, 
respectively. 

[0047] In a further above-mentioned example, although the case where blue light emitting diode 
was formed using the crystal of a gallium nitrogen system compound semiconductor was 
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described, this invention can be widely applied, not only this but when forming semiconductor 

laser. 

[0048] 

[Effect of the Invention] As mentioned above, according to this invention, by preparing the buffer 
layer of two or more layers between the compound semiconductor layers as which a base and a 
general formula are expressed in In1~x-y Gax Aly N (0<=x<=1, 0 <=x+y<=1), the compound 
semiconductor layer excellent in surface smoothness and crystallinity can be formed on a base, 
and compound semiconductor equipment excellent in repeatability can be realized. 
[0049] Moreover, the compound semiconductor equipment which has the compound 
semiconductor layer which was excellent in surface smoothness and crystallinity much more is 
realizable by forming the buffer layer of two or more layers in order, after forming a nitrated case 
in a base front face, and forming the compound semiconductor layer as which a general formula 
is expressed in In1-x-y Gax Aly N (0<=x<=1, 0 <=x+y<=1) on these. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the approximate line Fig. showing a compound semiconductor manufacturing 
installation. 

[ Drawing 2] It is process drawing with which explanation of the production process of the 
compound semiconductor equipment by this invention is presented. 

[Drawing 3] It is process drawing with which explanation of the production process of the 
compound semiconductor equipment by this invention is presented. 
[Description of Notations] 

1 [ .. A susceptor, 5 / .. 6 A heater, 7 / .. A gas nozzle, 8 / .. A vacuum pump, 9 / .. An exhaust 
pipe, 10 / .. 11 A motor, 12 / .. A buffer layer, 13 / .. The gallium nitrogen film, 15 / .. Surface 
nitrated case ] .... A reactor, 2 .. Silicon on sapphire, 3 .. A reaction chamber, 4 
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2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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